We perform an extensive investigation of the sensitivity to non-vanishing ν τ mass in a large waterČerenkov detector, developing an analysis method for neutrino events originated by a supernova explosion. This approach, based on directional considerations, provides informations almost undepending on the supernova model. We analyze several theoretical models from numerical simulations and phenomenological models based on SN 1987A data, and determine optimal values of the analysis parameters so as to reach the highest sensitivity to a non-vanishing ν τ mass. The minimal detectable mass is generally just above the cosmologically interesting range, m ∼ 100 eV , in the case of a supernova explosion near the galactic center. For the case that no positive signal is obtained, observation of a neutrino burst with Super-Kamiokande will anyhow lower the present upper bound on ν τ mass to few hundred eV .
Introduction.
Upper bounds on the electron (anti-) neutrino mass at the level of few eV are obtained from β decay experiments [1] , and have been confirmed by data on neutrinos from SN 1987A, collected by Kamiokande-II [4] and IMB [5] detectors, see e.g. [2, 3] . Concerning the masses of ν µ and ν τ , the present experimental bounds are much less compelling: m νµ ∼ < 170 keV , m ∼ < 24 MeV [1] . Therefore, any approach capable of significantly lowering these limits is highly desirable. Particularly, an observation sensitive to neutrino masses in the range 10 − 100 eV would be extremely important for cosmological implications, see [6] . Previous analyses [7, 8] claimed that this goal might be reached with new generation larger detectors, for a supernova near the galactic center. The questions we address in this paper are the following:
1. Which assumptions about neutrino emission are critical for observing the effects of a non-vanishing mass?
2. How the analysis procedure can be optimized in order to reach the highest sensitivity to neutrino masses?
3. Which masses for ν µ and ν τ can be actually explored with a detector such as Super-Kamiokande?
In general, the determination of ν-masses by means of a supernova observation is based on the comparison between the detected signal and the expected one for the case m = 0. A non-vanishing mass, in fact, would reflect in an overall delay of the events number distribution, and also in a spectral distortion of the signal, due to the energy dependence of the flight-time for massive neutrinos:
where D is the supernova distance, c is the light speed, and ǫ ν is the neutrino energy. The greatest difficult in applying this procedure is in the dependence on the supernova model assumed to calculate the expected signal. Moreover, when interested in ν µ and ν τ (hereafter we will refer to these neutrinos, and their antiparticles, as ν i ), there is an additional problem: it is impossible to isolate their signal from that of ν e andν e , because all ν i detection processes (namely neutral current reactions) are allowed for electron neutrinos too.
On the other hand, charged current interactions (only possible for ν e andν e at the energies of interest) might be used to clearly identify part of the electron neutrino signal. One can thus conceive the following strategy:
1. split, by use of a distinctive signature, the overall set of events in two classes: the first one containing only ν e andν e , the second one involving all neutrino species;
2. use the first class of events to derive the expected distribution for ν e andν e . In view of the strict limit on m νe , we can treat these neutrinos as massless for our purpose (e.g. from m νe ∼ < 15 eV [1] and equation 1.1, we get ∆t ∼ O(1 s) even for the lowest detectable energies, ǫ ν ≃ 5 MeV , for a SN near the galactic center);
3. use this distribution to infer that of ν µ and ν τ , again for massless neutrinos;
4. compare the observed signal with that theoretically built in the previous step and look for mass effects. We assume that only one neutrino (say ν τ ) is massive and that flavor oscillations do not occur (see [9] and references therein for search of ν τ mass by use of MSW effects). The comparison should be performed in the second class of events (ν e + ν i ): in such a way we deal with a subset which still includes the whole ν i signal, but only a part of theν e "background".
The residual dependence on the supernova model is essentially in step 3: how to connect the ν e andν e emission features with those of ν i . In this paper we extensively investigate this point, by analyzing several theoretical and phenomenological SN models and their implications for the extraction of a non-vanishing ν τ mass.
We also discuss how the analysis procedure can be optimized, by a proper choice of the parameters, such as energy and time windows where to look for mass effects.
Concerning the sensitivity to neutrino mass, two points are interesting: the minimal detectable ν τ mass and the upper limit which can be established on m when no positive signal comes out. Correspondingly, we shall address the following questions: 3a. What is the minimal m value expected to give a signal distinguishable from the statistical fluctuations of the massless case?
3b. What is the minimal m value for which the signal expected for massless neutrinos can be discriminated from the statistical fluctuations of the massive case?
The paper is organized as follows: we develop a method of data analysis, based on directional considerations (Section 2) which we use to determine the minimal detectable ν τ mass for a set of theoretical supernova models (Section 3). The same analysis is repeated for a set of phenomenological models derived from SN 1987A data (Section 4). We then compare our results with those of ref. [10] (Section 5). Finally, we calculate, both for theoretical and phenomenological models, the mass upper bound obtainable through the same method (Section 6). Detector characteristics, cross sections and expression for event rates are collected in the Appendix.
2 The analysis method: isotropic vs. directional signal.
Krauss et al. [10] proposed in 1992 a beautiful procedure of data analysis forČerenkov detectors, based on directional considerations. In this section we briefly recall the idea and then we specify our approach to this method in terms of: i) the kinematical characterization of neutrino events; ii) the assumptions needed to connect the emission features of electron and other flavors neutrinos; iii) the quantitative criterion for the evidence of a non-vanishing ν τ mass.
Generalities.
Let us consider Super-Kamiokande (SK hereafter), a waterČerenkov detector whose main characteristics are listed in the Appendix, see also [11] . Neutrino events are originated basically in processes of four kinds:
1. capture on a proton:ν
2. scattering off an electron: 
Expressions for the cross sections are collected in the Appendix. The approximate numbers of expected events in SK, for a SN 1987A-like supernova near the galactic center, are shown in Table 1 , see also [12] . Among the four processes, scattering off electrons is the only directional one. For capture reactions and interactions with nuclei, the observable particles (e ± or γ) are emitted (almost) isotropically, whereas in processes (2.2-3) the recoil electron's angular distribution is strongly forward peaked. Therefore one can define an appropriate observation angle ϑ fw , along the supernova direction, which includes all of the electrons from ν − e scattering.
Here is the required signal splitting: outside the forward cone, nearly any event is originated by ν e andν e . The only contribution of other flavors neutrinos is due to (2.6), and can easily be excluded by raising the minimal detected energy up to 7 -8 MeV [13] . So we can regard this signal as untouched by mass effects, and use it to derive the expected distribution in the forward cone for the case m = 0.
The analysis procedure is sketched in Figure 1 .
Kinematics.
A specification of the forward observation angle ϑ fw for the analysis. When a neutrino with energy ǫ ν scatters off an electron at rest which gets kinetic energy ǫ e , the electron scattering angle ϑ is determined from energy-momentum conservation: cos ϑ(ǫ ν , ǫ e ) = ǫ e ǫ e + 2m e 1 + m e ǫ ν (2.7)
As ϑ is a decreasing function of ǫ e and a rising function of ǫ ν , the maximum value ϑ max is obtained by taking in (2.7) the minimal detected energy ǫ min and taking the limit ǫ ν → ∞. In this way one has:
For the lowest value of ǫ min (i.e. the energy threshold of SK, ǫ th = 5 MeV ) this gives ϑ max ≃ 24
• .
In Figure 2 we plot the angular distribution of the ν τ scattered electrons along the supernova direction, for two significative values of the lower cut: ǫ min = 5 MeV (SK threshold) and ǫ min = 15 MeV (the highest value useful for the analysis, as we shall see). Although for these calculations we used the "reference" model to be described in Section 3, very similar distributions are obtained from other supernova models. In the same figure a plot of ϑ max is given as a function of the lower energy cut.
Besides this purely kinematic dispersion, a systematic angular uncertainty is also present, due to the detector. This uncertainty is a decreasing function of the scattered electron energy too, for more energetic particles originate moreČerenkov light, and so one can point back to their directions with greater accuracy. The probability to detect an electron at an angle α from the scattering direction is assumed to be a gaussian function dP (α, ǫ e ) ∝ e 1/2 is the empirically determined angular resolution of the detector for an electron with energy ǫ e . In Figure 3 one finds the the probability to detect an electron at an angle α from the original trajectory, as given by (2.9), for ǫ e = 5, 15 MeV , and a plot of the angular resolution dependence on the electron energy for the Kamiokande-II detector [14] ; a similar performance is expected for SK. In the case of a 5 MeV electron one has ϑ
Equation (2.9) tells us that one has a non-vanishing probability to detect a scattered electron just backward the supernova direction! This leads us to formulate a more reasonable definition for the forward observation cone than "the cone containing all ν + e scattering events".
We verified that the model independent definition
which can be read as the combination of the kinematic and detector spreads just like two independent errors, gives ϑ fw values such that no more than one ν + e event is missed. For ǫ min = 5 MeV one has ϑ fw ≃ 45
• . The corresponding solid angle, Ω f w = 2π [1 − cos(ϑ fw )], for ǫ min = 5 MeV includes a 95% of the ν τ events, but only a 15% of the totalν e signal. In Figure 4 one has the angular distribution of the tau-neutrino events, with respect to the supernova direction, considering both kinematic and detector spreads, while in Figure 5 we plotted the forward observation angle ϑ fw (ǫ min ) as defined in (2.10). 
Supernova.
Next, we have to describe how the ν i signal is derived from theν e one. For this purpose, we use three assumptions, supported by the results of several numerical simulations, (see [15] ) which connect the production features of electron and other flavor neutrinos in the cooling phase:
1. The neutrino energy distributions, at any time and for each ν species, are (approximately) thermal, thus specified by the temperatures of the neutrino-spheres T νe (t), Tν e (t), T νi (t) and luminosities L νe (t), Lν e (t), L νi (t). The emitted neutrino rate spectrum d 2 N νx /(dǫ ν dt) at time t and energy ǫ ν is therefore:
where
2. Energy equipartition among the six neutrino species holds at every time:
3. The temperatures of the six neutrino species are simply proportional at any time:
Arguments supporting the second assumption can be found in [16] . Typical values of α νe and α νi are:
In what follows, we fix the ratio between ν e -andν e -sphere temperatures at the central value α νe = 0.7, while we'll keep α νi as a free parameter, in the range given by (2.14).
Statistics.
Finally, we introduce our criterion to estimate the evidence level of a non-vanishing mass. We define N m ([t 1 , t 2 ], [ǫ min , ǫ max ]) the expected number of events in the forward observation cone, in the time interval [t 1 , t 2 ], for an energy window [ǫ min , ǫ max ], if the ν τ mass is m.
Let us assume that tau-neutrinos have mass m = 0: we expect the experiment to detect N m events. The hypothesis that ν τ have a vanishing mass and that the difference |N m − N 0 | is due to a statistical fluctuation of the massless case can be tested by evaluating the quantity
Clearly, one can vary [t 1 , t 2 ] and [ǫ min , ǫ max ] in order to optimize the analysis. The best indicator of a non-vanishing mass is therefore the quantity
where the time intervals are chosen arbitrarily within the observation window (first 100 seconds after bounce), with the only request that at least an event should be present in [t 1 , t 2 ]. As an example, if S(100 eV ) = 3 one has a 3σ evidence for a mass m = 100 eV , i.e. the Confidence Level is 99.7%. For brevity, we shall define as "detectable" those masses such that S(m) ≥ 3, and we denote the minimal detectable mass as m 3σ ≡ min{m : S(m) ≥ 3}.
Note that we are using only event counts, disregarding the possible additional information of spectral deformations.
A sample of this statistical analysis is reported in Figure 6 , where we plot the expected signal in the forward observation cone for m = 0 and m = 200 eV (for details on the model used for the calculation, see Section 3). [15, 25] MeV ) = 2.5. We conclude that, in the time and energy intervals under examination, m = 200 eV is not sufficient to produce a clear effect.
3 Results from theoretical models of supernovae.
Till February 1987, numerical simulations were the only way to explore supernova neutrinos features. Most of the analyses just concerned the very initial phase of the emission (t ∼ < 1 s), mainly for implications on explosion mechanism, while only a few dealed with the long term cooling stage, which is relevant for us. For a review of simulations see for instance [17] .
In this section we use the simulations due to Burrows [18] , which describe the cooling phase, to evaluate the minimal mass m whose effects could be observed with the analysis method presented in Section 2. We also investigate the dependence of the results on the free parameters of the analysis.
Models and general results.
We performed a complete set of calculations using several supernova models taken from Burrows. In ref. [18] seventeen models are presented: disregarding "exotics" and black holes, the remaining ten models look consistent with data from SN 1987A.
Burrows's data, that cover the first 20 seconds forν e luminosity and temperature, were extrapolated to later times by use of power-laws:
where A denotes here both Lν e and Tν e , and the parameters A 0 , τ A and n A are obtained from fits to late times behaviours (t > 10 s). We also introduced a time parameter t tr beyond which the neutrino luminosities vanish: this happens when the proto-neutron star becomes transparent to neutrinos. Typical values for t tr are (40 -50) s [12] . Finally, for the other neutrino species, luminosities and temperatures are determined through relations (2.12-13). Unless otherwise stated, all results reported in the text, tables and figures, refer to the Super-Kamiokande detector for the following "default" set of parameters:
For each model, the main characteristics are listed in Table 2 , together with the results: the optimal choices for time and energy windows, and the value of the minimal detectable mass, as defined in Section 2.4. Theν e event rate and the sensitivity to non-vanishing neutrino mass are shown in Figures 7 and 8 for a few representative models: the Most Favourable case (# 52), the Least Favourable case (# 62) and the REference model (# 55), which very well accounts for SN 1987A data.
We notice that the minimal detectable mass lies anyhow outside the cosmologically interesting region: even in the most favourable model we have m 3σ ≃ 120 eV . For the reference model one has m 3σ ≃ 140 eV .
When looking at the dependence on the model characteristics, we find that in general: i) for a given equation of state (EOS), mass effects are least pronounced for more massive cores; ii) for a given core mass, neutrino mass effects are weaker for the soft EOS.
Those features can be understood, at least qualitatively. We remark that, for a given EOS, the star radius decreases with mass, so that in more massive cores matter is more compressed. Also, for a given mass, softer EOS allow higher compression. Thus higher masses and/or softer EOS imply higher densities, and consequentely higher temperatures and opacities. More energetic neutrinos are produced, so that ν τ -mass induced delays are shorter. Furthermore, and more important, the longer cooling phase results in a higher backgroundν e flux at later times. The increase of the cooling time due to mass and EOS is shown in Figure 7 : MF and RE models have the same EOS but different masses, whereas LF and RE models have the same mass but different EOS.
Dependence on the model parameters.
In order to investigate the dependence of the previous results on the emission parameters, we repeated our calculations by varying one parameter at a time, while keeping all the others constant at the values of (3.1). The results quoted in the following are for the reference model, but we obtained similar behaviours for the others.
We first varied the parameter α νi , defined in Section 2.3 as the ratio of ν i -toν e -sphere temperatures, repeating the analysis for five different values in the range given by (2.14).
The results of this search are summarized in Table 3 , where we report, for each value of the parameter, the minimal detectable mass, together with the number of ν τ events and the characteristic delay time for m = 150 eV . In Figure 9 we plot the evidence index S(m) for the central value and the two extrema of the α νi range. The minimal detectable mass depends rather weakly on the ν i -sphere temperature. The point is that when varying α νi two competing effects arise. For example, when α νi is increased: i) the ν τ -sphere temperature is higher, leading to more energetic neutrinos, and so to shorter delays; ii) the number of ν τ events increases, leading to a higher statistics. Our calculations essentially show that these effects almost balance each other, so that small variations of α νi do not affect substantially the sensitivity to a non-vanishing mass.
Concerning the dependence on the transparency time, we performed three calculations of the minimal detectable mass for t tr around the value given by [12] . Again the results are essentially stable, see Figure  10 , where we plotted the evidence index S(m) for the inquired values. Clearly, the more sudden the transparency occurs, the more evident the delayed neutrinos will be: should we take the (maybe) unphysical choice t tr = 30 s, we find m 3σ ≃ 110 eV .
Finally,....
Best choices for the analysis parameters.
These are particularly important dependences to investigate, because we deal now with detection parameters, which we can change in order to optimize the analysis. It was already noted [10] that an upper energy cut enhances the mass sensitivity of the analysis method. This is due to the fact that the isotropic signal occurs at a higher energy with respect to the directional one. In fact in the dominant isotropic process, i.e.ν e capture on a proton, the emitted positron takes almost all of the neutrino energy, while in the ν τ process, namely scattering off an electron, the average energy of the outgoing particle is roughly ǫ e ∼ 1 2 ǫ ν . We stress that by means of ǫ max we cut high energy ν τ events, which have short mass-induced delays, so that the loss in sensitivity is low. We should be aware, anyway, that this dynamical effect is partially balanced by the higher ν τ energy at the emission.
Concerning the lower energy cut that we introduced, many competing effects are present, leading to a more complex situation. Basically, at high values of ǫ min the number of ν τ events get small and, most of all, we deal only with high energy neutrinos, for which the flight-time delay is shorter. On the other hand, as we said in Section 2.2, the forward observation angle is a decreasing function of the lower cut (see eq. 2.10). Rising ǫ min leads therefore to a narrower cone, in which the ratio between directional and isotropicν e signal becomes more favourable. In Table 5 we report the full results of our analysis on the reference model for six different energy windows, while in Figure 11 we plot the mass sensitivity for three significative choices.
Model EOS
As we can see from Figure 11 , the best choice depends on the explored mass region, because of the m dependence in the delay formula (1.1): the larger is m, the higher should be the lower cut. For our explorable range m = 100 − 200 eV the choice ǫ min = 10 MeV ; ǫ max = 20 MeV gives the best sensitivity for all models and for all values of the emission parameters α νi and t tr .
With regard to the time window, as we can see from Table 2 the best choice again depends on the explored mass: larger m mean more delayed neutrinos, which are to be observed at later times. For our explorable range the choice t 1 = 40 s; t 2 = 100 s seems in general the most appropriate.
This section's conclusions.
We conclude, for the case of a Burrows-like supernova near the galactic center, that:
1. there is no way of getting evidence of m ∼ < 120 eV ;
2. this conclusion is essentially independent of the value of the uncertain emission parameters α νi and t tr ;
3. for the explorable mass range, the optimal energy window is ǫ e ∼ [10, 20] MeV .
4. for the explorable mass range, the optimal time window is t ∼ [40, 100] s.
4
Results from phenomenological models of supernovae.
So far we considered theoretical models for neutrino emissions, essentially based on numerical simulations. In order to investigate further the potentialities of the analysis method, in this section we consider phenomenological models, built so as to reproduce the data from SN 1987A. The mere 19 events of the 1987 supernova were not sufficient to allow a detailed reconstruction of the emission features, and several models were obtained by fitting the data with different analytical functions. We selected two of these models, belonging to significative classes, to explore a wider range of possibilities.
Power-law cooling.
In this framework, we first consider a power-law parametrization, defined by the relations:
Note that, being L(t) ∝ T 4 (t), in this model the radii of the neutrinospheres are assumed as constant.
We use as best fit parameters for SN 1987A those obtained by Bludman & Schinder [19] :
Again we used relations (2.12-13) to derive luminosities and temperatures for the other neutrinos species.
As we can see from Figure 12 , where we plotted theν e event rates in SK for (4.1) and for Burrows's reference model, the behaviour of the power-law cooling is similar to that of theoretical models of Section 3.
With the values of (4.2) and for the default set of parameters (3.1), we obtained the minimal detectable mass m 3σ ≃ 110 eV . This result is consistent with what found for Burrows theoretical models, and is again outside the cosmologically interesting range. 
Exponential cooling.
A simpler analytic parametrization is obtained assuming that the neutrinosphere temperatures fall exponentially, while the radii are again kept constant. One has this way
3)
The best fit parameters for SN 1987A are taken from Loredo & Lamb [3] :
With these choices one obtains a minimal detectable mass m 3σ ≃ 70 eV . The exponential cooling, although not clearly distinguishable from the power-law on the grounds of the SN 1987A data, predicts at later times (t ∼ > 20 s) a substantially reducedν e flux (see again Figure 12 ). This behaviour can account for the sensitivity to smaller masses: in fact, with a lowerν e background, the presence of delayed massive neutrinos is much more evident. Actually, there is no physical reason for assuming an exponential law, and theoretical models generally predict a slower decrease of neutrino luminosity at late times 1 . Furthermore, when compared with SN 1987A data, exponential cooling models yield fits which are worse than those of power-law models [19] . In conclusion, it seems to us that exponential cooling models are not very reliable for predicting late times neutrino luminosities.
Comparison with Krauss's results.
Krauss et al. [10] , once developed their analysis method, also evaluated the minimal detectable mass. They found that a mass as small as 50 eV is detectable at 99% C.L. with Super-Kamiokande, for a medium luminosity burst from a SN at D = 10 kpc. This result is more optimistic than we found by using Burrows's theoretical models and/or SN 1987A phenomenological models (we recall, e.g., that for Burrows's most favourable model one has m 3σ = 120 eV at 99.7% C.L.).
This discrepancy can't be ascribed to the differences in the analysis procedures. We have verified that, with our approach, one obtains for the middle model of [10] (n. 17) a minimal detectable mass m 3σ ≃ 48 eV .
Actually, in the supernova models of [10] , after an initial accretion phase (t ∼ 0.5 s), the luminosities of all neutrino flavors are assumed to decay exponentially with a very fast rate (τ L ∼ 1 s). This results in a quite short tail of the event distribution, and so the signal of delayed ν τ is much more evident, as we already noted for the SN 1987A exponential model.
This feature is evident if we compare a typical model from [10] with one of those we used in the foregoing. In Figure 13 , for instance, we plotted the isotropic (scaled to ϑ fw ) and directional event rates both in Krauss's model 17 and in Burrows's model 54, which give fairly the same event number. As we can see, with just m = 100 eV , in Krauss's model the directional signal outruns the isotropic "background" after a few seconds, while in Burrows's model this occurs only at a very later times (t > 30 s).
It looks to us that the fast luminosity decay assumed in [10] is not justified since: i) phenomenological models with exponential cooling yield longer decay times when adapted to fit SN 1987A data, see [3, 19] ; ii) also theoretical models predict longer decay times, see [18] and the previous discussion. 1 We remind that cooling of a degenerate gas by black-body radiation yields a power-law decrease of temperature:
6 Upper bounds.
The situation may look somehow discouraging; nevertheless we should remember that the present experimental limit to ν τ mass is tens MeV . Therefore even in the most probable case of non-observation of mass effects, we will however significantly lower this limit. In order to obtain actual upper bounds, anyway, we have to introduce a more stringent statistical criterion than the one we used to define our "detectable" mass. With our definition of Section 2.4, in fact, we calculated the minimal value of m expected to produce a 3σ effect, checking against statistical fluctuations of the massless case. We should now take into account fluctuations of both massive and massless case.
Therefore, the new best indicator is the quantitȳ
As an example, ifS(100 eV ) = 3 we can claim the upper bound m ≤ 100 eV at a 3σ level, i.e. with a 99.7% Confidence Level.
In practice, N m is generally (much) larger than N 0 , so that (6.1) can be replaced to a good approximation with:S (m) ≡ max
This can be read very much like (2.15), i.e. assuming that neutrinos are massless, the observer will detect N 0 events (or a number close to it). Eq. (6.2) tells then how many sigma's the result is out of the expectation for massive neutrinos. The results for two significative theoretical models (Burrow's reference and most favourable models -see Section 3) and two phenomenological models (exponential and power-law cooling -see Section 4) are listed in Table  6 . Using the same notation of Section 2.3, we define the minimal excludable mass asm 3σ ≡ min{m :S(m) ≥ 3}. Clearly a larger mass is required to probe an upper bound rather than a simply detectable effect, for one has N m > N 0 ⇒S(m) < S(m). Anyway, one can see that even in the case of non-observation of mass effects, we will able to lower the present upper bound on ν τ mass by 5 orders of magnitude! One should be aware, anyway, that the bounds of Table 6 (and also the previous results on the minimal detectable mass) may not hold if the ν τ mass is too large. In this case, in fact, one has a too broad event distribution, see for istance [20] . A very crude estimate of the maximum mass m max explorable by delay-based analyses can be obtained by requiring that the rate of delayed ν τ events keeps greater than the background rate. For SK one finds roughly m max ∼ O(10 keV ). Our results should be read therefore as lower extrema of an excluded mass region: in the case of non-observation of mass effects one could exclude m in the window 200 eV − 20 keV .
Conclusions.
Let us summarize the main points of this paper: i) We performed an extensive investigation of the sensitivity to non-vanishing ν τ mass in a large wateř Cerenkov detector, developing the analysis method introduced by Krauss et al. [10] . As the most important point is the dependence of the results on the supernova model, we analysed several theoretical models from numerical simulations of Burrows [18] and phenomenological models based on SN 1987A data [19, 3] .
ii) We determined optimal values of the analysis parameters (energy cuts and time window) so as to reach the highest sensitivity to a non-vanishing ν τ mass.
iii) Our conclusion is that the minimal detectable mass is generally just above the cosmologically interesting range, m ∼ 100 eV , see Table 2 for details.
iv) Differences with respect to [10] , which claimed sensitivity to significantly smaller masses, are ascribed to the shorter decay time of neutrino luminosities assumed in [10] , contrary to theoretical models as well to SN 1987A phenomenological models.
v) For the case that no positive signal is obtained, observation of a neutrino burst with SK will anyhow lower the present upper bound on ν τ mass (m ∼ < 24 MeV [1] ) to few hundred eV , see Table 6 .
A Appendix
A.1 Super-Kamiokande characteristics.
In Table 7 we summarize the main characteristics of the Super-Kamiokande detector (the fiducial mass, the threshold energy and detection efficiency, and the background rate spectrum) as we used in our analysis. where dσ νb /dǫ e is the differential cross section of the reaction under examination, n b is the target number, and η(ǫ e ) is the electron/positron detection efficiency. For the natural background one has instead the time-independent rate B(ǫ min , ǫ max ) = ǫmax ǫmin dǫ e b(ǫ e ) η(ǫ e ) (A.7)
where b(ǫ e ) is the empirically determinated background rate spectrum. 
